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NASA Ames Research Center (ARC)
• One of ten NASA field centers.
• Located in the heart of California's Silicon Valley (GOOGLE, APPLE, STANFORD
UNIVERSITY…).
• Established: December 20, 1939, as part of the National Advisory Committee for
Aeronautics (NACA), in 1958 absorbed into the National Aeronautics and Space
Administration (NASA).

OBJECTIVES:
• Keep astronaut alive
• Provide habitable environment
• Reduce cost
ADVANCED LIFE SUPPORT
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• Urine and condensate are recycled to 
drinking water.
• Wastewater is recycled using 
distillation, adsorption, and oxidation.
ISS US Water Processing 
Assembly
• Urine and condensate are recycled to 
drinking water.
• Wastewater is recycled using 
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LESSONS LEARNED FROM OPERATING 
THE WPA 
Pa
ge
 N
o.
 1
1 
IS
S
C
M
01
9 
(R
ev
 0
8/
20
09
)  
 
IX
 V
al
id
at
io
n 
Te
st
in
g 
w
ith
  
U
PA
 D
is
til
la
tio
n 
A
ss
em
bl
y 
G
ro
un
d 
U
ni
t (
co
nt
in
ue
d)
 
•
D
is
as
se
m
bl
ed
 a
nd
 in
sp
ec
te
d 
D
A
 o
n 
2/
24
/2
01
1 
–
O
bs
er
ve
d 
m
in
or
 g
ra
nu
la
r p
re
ci
pi
ta
nt
s 
th
at
 w
er
e 
lo
os
el
y 
ad
he
re
d 
on
 m
ul
tip
le
 
D
A 
su
rfa
ce
s 
 
–
N
o 
la
rg
e 
so
lid
 p
re
ci
pi
ta
nt
s 
–
Pr
ec
ip
ita
nt
s 
ap
pe
ar
 s
im
ila
r t
o 
th
os
e 
fo
un
d 
in
 re
ce
nt
 g
ro
un
d 
R
FT
A 
cy
cl
es
 
–
Pr
ec
ip
ita
nt
s 
ar
e 
gr
ee
ni
sh
 in
 c
ol
or
 c
om
pa
re
d 
to
 th
e 
br
ow
n 
co
lo
r f
ro
m
 o
n-
or
bi
t 
•
D
iff
er
en
ce
 in
 c
ol
or
 is
 n
ot
 n
ec
es
sa
ril
y 
in
di
ca
to
r t
ha
t p
re
ci
pi
ta
nt
s 
ar
e 
di
ffe
re
nt
 
•
G
re
en
 c
ol
or
 ty
pi
ca
l o
f r
ed
uc
ed
 c
hr
om
iu
m
 
•
B
ro
w
n 
co
lo
r t
yp
ic
al
 o
f s
om
e 
or
ga
ni
c 
pr
ec
ip
ita
nt
s 
•
O
ff 
w
hi
te
 c
ol
or
 ty
pi
ca
l o
f c
al
ci
um
 p
re
ci
pi
ta
nt
s 
–
Sa
m
pl
es
 w
er
e 
co
lle
ct
ed
 a
nd
 w
er
e 
 
 
se
nt
 fo
r c
he
m
ic
al
 a
nd
 m
in
er
al
 a
na
ly
si
s 
    
 
  
G
re
en
 p
re
ci
pi
ta
nt
s 
fr
om
 G
ro
un
d 
D
A 
B
ro
w
n 
pr
ec
ip
ita
nt
s 
fr
om
 o
n-
or
bi
t D
A 
• Formation of calcium scale determines maximum recovery ratio. 
• Trace contaminates build up.
• Maintenance requirements are high.
• Reliability matters.  Especially for future long duration missions.
FORWARD OSMOSIS RESEARCH AND DEVELOPMENT
FO selected by NASA as part of the baseline system for the Next Generation Life 
Support Mars base water recycling system.
OSMOSIS DIRECTA/FORWARD OSMOSIS (FO)

FO PRETREATMENT

WATER RECYCLING TECHNOLOGIES
• First NASA technology based on FO.
• Urine and humidity condensate into
potable water.
• The product of FO, RO are post
treated using an Aqueous Phase
Catalytic Oxidizer (APCO).
DIRECT OSMOTIC CONCENTRATION 
SYSTEM (DOC)
LIGHTWEIGHT CONTINGENCY WATER 
RECYCLING SYSTEM (LCWR)
• Individual (personal) urine recycling system.
• Designed for EVA and emergency
contingency applications.
• Uses activated carbon treatment followed by
forward osmosis (FO).
